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ARCHAEOLOGY IS A 
QUINTESSENTIALLY VISUAL 

DISCIPLINE

EXPLANATIONS

DATA

?
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We want to see what cannot be seen
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Visual Information

• When we see something, we are not seeing 
an object, but our senses capture sensorial 
information (luminance contrasts), which 
should then be transformed into an 
intermediate-level representation of what 
gives the perceived entity its individuality.



Low-level information is typically 
about the spatial relationships among 
primitive, two-dimensional visual 
features such as observed shape, texture, 
and composition variability patterns. 

Intermediate information describes the 
properties arising from forms of 
organization of the low-level
primitives, and may include descriptions 
of the three-dimensional spatial 
relationship (location) among visual 
properties. 

The overall explanatory process is thus
broken down into the extraction of a 
number of different observable physical 
properties (low-level analysis), followed 
by a final decision based on these 
properties (high-level analysis), what 
implies breaking down the perception of 
meaningful visual marks into different 
explanatory stages

VISUAL INFORMATION



Visual Information

• Formally speaking, a surface is a boundary 
of separation between two phases. 

• In its turn, a phase is a homogenous mass of 
substance, solid, liquid or gas, possessing a 
well-defined boundary. 

• When we have two phases in mutual 
contact, we have an interface. 



Visual Information

• The surface of solids plays a significant role 
to discover the way they have been 
produced and the way they have been used.

• Surfaces have two main properties: shape 
and texture. 



What is Shape?



Scientists have traditionally assumed that there is a roughly fixed set or vocabulary of 
“supposed” descriptive visual regularities shared by a single population of objects, which 
are also distinctive enough. 

Scientists believe that what they see is a “seed”, a “bone”, a “bowl”, “a knife”, the “wall of 
a house”, a “prince burial”, etc., and they can distinguish between different kinds of 
“bowls”, different kinds of “prince burials”, and so on. 



127 / 13



127 / 14



127 / 15



127 / 16



127 / 17

Tipologie Analytique
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This way of identification-based 
explanation seems then a tricky way of 
solving any archaeological research 
problem. 

It pretends to explain what has been 
“seen”, not in terms of their visual 
characteristics, but in terms of 
subjective recognition.

Nevertheless, what we“see” in the real 
world are not stones, walls, pit holes, 
mounds, buildings, pottery sherds, 
plants, animal carcasses, or anything 
like but a hierarchized organization of  
visual marks and higher level cues to 

explanatory categories.



What is Shape?



Shape is a quantitative property
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Quantitative Properties

QUANTITY: any property that can be 
expressed in terms of an intensity. 

QUALITY: any property that can only be 
expressed in terms of presence/absence



Quantitative Properties

Verbal language is not appropriated for 
describing intensities: 

“a lot of”, 

“small”

“large”
“tall”



Quantitative Properties

There is not a “mathematical” reality, nor 
“mathematical concepts”.

There are real things, empirical properties 
that SHOULD be described in terms of 
their intensities…….



Measuring

Measuring is the operation of assigning
numbers that represent the degree or 
intensity a property is present in some 

entity



Measuring Instruments

It is a device, a procedure or a set of logical 
formal operations that compare a reference 
ordination to the actual state of the property 
at the measured entity



Measuring

Fast everything observable in reality is a 
quantity, 

Happiness, Love,…… 
they are always refered as if they would exist 

in“quantities” 
I am “very” happy… 

I love you less and less….)
But we do not know how to measure those properties



Measuring Shape

We do not have the habitude of measuring 
shape in archaeology, but it is far easier 

than measuring happiness or love…..



Shape is not Size
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Industria osea. Stordeur 1992







What is Shape?

• a shape can be understood 
as any “single”, 
“distinct”, “whole” or 
“united” visual entity.



What is Shape?

Properties of a configuration of points which are 
not altered for effects of size, position and 
orientation, or by translation, rotation and scaling



Describiendo el Perfil











Relational Indexes



ImageJ. http://rsb.info.nih.gov/ij/



ImageJ. http://rsb.info.nih.gov/ij/
FiJi is Just ImageJ. 

http://fiji.sc/Fiji

53127 / 



Measuring

Shape

An ordered n-tuple of measurements completely characterizes a shape 
without redundancy if (a) there is a set of drawing rules that permits 
reconstruction of the shape outline using only this ordered n-tuple of 
measures, and (b) there is no ordered k-tuple of measures, k<n, such that the 
shape outline can be reconstructed from the ordered k-tuple (Read 2007).



Morphometrics



Landmark-based geometric 
morphometrics: summarises shape in 
terms of landmark configuration 
(discrete anatomical loci, described by 
two-/three-dimensional Cartesian co-
ordinates);

Outline-based geometric 
morphometrics: summarises the shape 
of open or closed curves, typically 
without fixed landmarks. Analyses 
include Fourier (Elliptical Fourier, Fast 
Fourier etc.) and Eigenshape (and 
Extended Eigenshape) analyses
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Morphometrics, the practical side
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tpsUtil  and  tpsDig  programs from Rohlf’s morphometrics site 

http://life.bio.sunysb.edu/morph/

Point Picker  plugin for ImageJ
 http://bigwww.epfl.ch/thevenaz/pointpicker/

MorphJ.  Manchester University

http://www.flywings.org.uk/morphoj_page.htm
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LOHSE, E.S., SCHOU,C., SCHLADER,R., SAMMONS,D, 2004, “Automated Classification of Stone 
projectile Points in a Neural Network”. In Enter the Past. The e-way into the four dimensions of culture 
heritage. Edited by Magistrat der Stadt Wien-Referat Kulturelles Erbe-Städtarhchäologie Wien. Oxford, 
ArcheoPress (B AR Int. Series, S1227), pp. 431-437).









3 dimensionality of Physical 
Space
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SHAPE DECOMPOSITION
Geon Theory (Biederman 1987)
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3D Morphometrics
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Photogrametry
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Photogrametry
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Photogrametry
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3D Scanning
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3D Scanning / 
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3D Scanning
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3D Scanning
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BREUKMAN OTO
Institució Milà i Fontanals
(CSIC)

Minolta Vivid
UAB-CVC



3D Scanning
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3D Scanning / Photogrametry
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2995 $   AMAZON.com

DavidScan



3D Scanning
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3D Scanning
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Louer



X Y Z
1 1  3
4 3 6
7 6 14

  X1  X2  X3  X4
Y1
Y2
Y3
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      Formas tridimensionales = Interpolación
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3D File Format

facet normal ni nj nk 
outer loop 

vertex v1x v1y v1z 
vertex v2x v2y v2z vertex v3x v3y 
v3z endloop 
endfacet



3D Shape Descriptors
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3D Shape Descriptors
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CUBENESS
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Texture



Texture

   Definition of those attributes of a surface 
that have visual or tactile variation and 

contribute to distinguise those surface from 
others interacting with it 

Any surface shows variation in its properties like: albedo, 
color, uniformity, density, roughness, regularity, 
linearity, direccionality, brightness, defomation, 
reflectivity, opacity, transparency, 



Texture

COLOUR: 

The quality of an object or substance with 
respect to light reflected by the object, 

usually determined visually by measurement 
of hue, saturation, and brightness of the 

reflected light; saturation or chroma; hue. 



Texture



Texture



Texture



Texture

COLOR: Colorímeter



TACTILE APPEARANCE

Coarseness, 

roughness, 

smoothness, 

polish, 

burnish, 

bumpiness, 

waviness
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Wear traces as texture.

In use wear analysis, we are interested in the nature of the alterations 
suffered on the lithic tool surface. In this way, our aim is to make 

inferences about the working processes developed by people that used 
these tools

Altered 
Surface

Original 
Surface 





Decoration as Texture
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Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness

VISUAL TEXTURE 
is a 

GEOMETRICAL MODEL OF LUMINANCE 
we recognise it as 

IMAGES



DESCRIBING TEXTURE

1) IMAGE DECOMPOSITION
• We look for luminance intervals, 

to select those pixels in the image 
(through a density slice), which 
coincide with observed texture 
discontinuities

• These three intervals are those 
which allow a better description 
of texture patterns

0-120

0-80

160-200

Original Image

lithics



Original Image Segmentation “Texture Components”



DESCRIBING TEXTURE
The features that we take in account are:

By Composition:

- Mean, mean of luminance
- SD, standard deviation of luminance
- Mode, mode of luminance
- Min, minimum luminance value

By Shape:

- Elongation
- Circularity
- Quadrature
- Thinness
- Ratio Compactnes/Thinness
- Compactness, mesured through two 

equations
- Irregularity
- Rectangularity, mesured through two 

equations
- Ratio Perimeter/Elongation
- Feret diameter
- Minimum rectangularity

By Size:

-Area
-Major axis
-Major axis perpendicular to the 
major axis
-Perimeter



Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness
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CON-FOCAL MICROSCOPY AT DIFFERENT SCALES

http://www.leica-microsystems.com/typo3temp/pics/Leica_DCM8-Surface-Metrology_ef3d603194.jpg
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Leica DCM8 METROLOGY MICROSCOPE OF 3d SURFACES de superficies 3D 
combining confocal microscopy and interferometry

http://www.leica-microsystems.com/typo3temp/pics/Leica_DCM8-Surface-Metrology_ef3d603194.jpg


Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness

A modern range scanner 
captures surface data 
points less than 50 
microns (0,05 mm),  apart 
from producing high-
density triangular meshes 
with an average resolution 
of over 1000 points per 
cm2. 107127 / 



Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness
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Mechanical profilometer:
Nanometric resolution



Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness
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Profilometer

Resolution: µm / 0,006 µm100 µm / 0,002 
µm25 µm / 0,0004 µm



Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness

110127 / 

Alta precisión en el tipo 1.7µm
Crysta Apex S es una MMC CNC que 
garantiza un error máximo admisible de 
medición MPEE = (1.7 + 3 L/1000) µm [Serie 
500/700/900].
Sistema de Compensación de Temperatura



Surface-microtopography:
Coarseness, roughness, smoothness, polish, burnish, bumpiness, waviness

Waviness measurement Gaussian Curvature

111127 / 



  3D Digital surface texture patterns description

sample Ast_s09

original
surface

sample Ast_s01

subtracted
form

surface texture after 
form subtraction
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  ISO 25178 series

The ISO 25178 series define more than 40 areal parameters, grouped in:

• Height: statistical distribution of height values along the z axis.

• Spatial: spatial periodicity of the data, specifically its direction.

• Hybrid: spatial form of the data, i.e., amplitude and spatial information.

• Functional volume: surface bearing area ratio curve (Abbott- Firestone curve).

• Features: selected features are identified by segmentation.

Calculations are made upon the entire surface

AND NOT upon averaging estimation calculations derived from 2D profilometric methods and 
parameters.

ISO (2012). ISO 25178-2:2012 - Geometrical Product Specifications (GPS) - Surface texture: Areal - 
Part 2: Terms, definitions and surface texture parameters. International Standard Organization (ISO).

(Briscoe and Sinha 2002)(ASME 2010)
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SURFACE METROLOGY

http://www.michmet.com/index.html

Free Software: http://digitalmetrology.com/free-software/

The freeware version of SigmaSurf allows users to import
 data (through an ASCII file format)  and study the effects of 
various filters while viewing the Primary, Waviness and 
Roughness profiles at various scales.



  METHODOLOGY

12 /25

 4.1.  3D canning

Glue: noise data.

A  B   C

Fragmentation and restoration techniques (surface 
finishing): holes and noise data.

Surface area with distinct characteristics - restoriation 
product (A), wood hardened with fire (B) and natural wood 
(C): holes and noise data.

Some difficulties during 3D data 

capture:

Vera Moitinho de Almeida, Juan Anton Barceló  |  1st International Conference on Best Practices in Cultural Heritage: Archaeology | Menorca, 09-13.April.2012 

Using a 3D scan for measuring surface-
microstructure. Neolithic wood tools
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Experimental surfaces
10 samples (50*50 mm) [E]

  3D Digital surface texture sampling

Experimental stela (half sculpted)
6 samples (50*50 mm) [Est]

Archaeological stela (SMB/08 E-17/5/958, fragment A)
27 samples (50*50 mm) [Ast]

3D structured light scanner
(SmartSCAN3D Duo System, 

Breukmann)

FOV: 450 mm stereo
Resolution: 280 µm

(according to manufacturer)

3D structured light scanner
(SmartSCAN3D Duo System, 

Breukmann)

FOV: 450 mm stereo
Resolution: 280 µm

(according to manufacturer)



   

123127 / 

And now, what we can do with all that?



The usual archaeological answer: 
typology and classification



What’s this?
Was it used as a bottle?

Was it used as an arrow point?

YES

But Typology is not Classification…..
  Archaeological “types” do not give “answers nor explanations





THE TASK:
to find the common structure 

in a given perceptual 
sequence 

ASSUMPTION: 
the structure that is common across 

many individual instances  of the same 
cause-effect relationship must be 

definitive of that group



Studying “resemblance”
• From resemblance to similarity 

Two entities are similar because they have many 
properties in common. According to this view:
• similarity between two entities increases as 

a function of the number of properties they 
share

• properties can be treated as independent 
and additive

• the properties determining similarity are all 
roughly the same level of abstractness;

• these similarities are sufficient to describe 
a conceptual structure: a concept would be 
then equivalent to a list of the properties 
shared by most of its instances.



Studying “resemblance”
 Understanding “Similarity” 

The very idea of similarity is insidious. First, we 
must recognize that similarity is relative and 
variable. That means that the degree of similarity 
between two entities must always be determined 
relative to a particular domain. Things are similar 
in color or shape, or in any other domain. There is 
nothing like overall similarity that can be 
universally measured, but we always have to say 
in what respects two things are similar. Similarity 
judgments will thus crucially depend on the 
context in which they occur. 



Studying “resemblance”

• Measuring “Similarity”



Studying “resemblance”

• Measuring distance as an alternative to 
“similarity”



From Clustering To Classification

• The Clustering Principle
The Clustering Principle:

Internal 
Similarity 

   higher than
External 

Similarity



Clustering

It is the process of grouping 
input samples in similarity 
classes. 

Thus, one would like to group 
observations so as to 
minimize intra-group 
distances while maximizing 
inter-cluster distances, subject 
to the constraints on the 
number of clusters that can be 
formed. 



134

Linear Discrimination



Non-Linear Discrimination



From Clustering to Classification

• What is a “Classification”?

Classification is a form of categorization 
where the task is to take the descriptive 
attributes of an observation (or set of 
observations) and from this to identify the 
observation within a different 
phenomenological domain. Hence, the task of 
the classifier is somehow to partition feature 
space into disjoint regions that each represents 
a particular class, cluster, or pattern.



From Clustering to Classification

• What is a “Classification”?

The goal in a classification problem is to 
develop an algorithm which will assign any 
artifact, represented by a vector x, to one of c 
classes (chronology, function, origin, etc). The 
problem is to find the best mapping from the 
input patterns (descriptive features) to the 
desired response (classes). 



From Clustering to Classification

• What is a “Classification”?

The purpose of the classification problem is to 
estimate the probability of membership of the 
case in each class. The objective is to build a 
model with significant predictive power. It is 
not enough just to find which relationships are 
statistically significant. That explains why 
classification and prediction are frequently 
interrelated. A prediction of an historical event 
is equivalent to a classification within a given 
set of events. 



COMPUTER VISION



DIAZ,D., CASTRO,D., 2001, “Pattern Recognition applied to Rock Art”. 
In Archaeological Informatics: Pushing the Envelope. Edited by Göran Burenhult. 
Oxford: ArchaeoPress (BAR Int. Series S1016)., pp. 463-468.

J.A. BARCELO, 1995  Back-propagation algorithms to compute similarity 
relationships among archaeological artifacts. In Computer Applications in Archaeology.  

Edited By r J. Wilcock y K. Lockyear. Oxford: British Archaeological Reports.   



LOHSE, E.S., SCHOU,C., SCHLADER,R., SAMMONS,D, 2004, “Automated Classification of Stone 
projectile Points in a Neural Network”. In Enter the Past. The e-way into the four dimensions of culture 
heritage. Edited by Magistrat der Stadt Wien-Referat Kulturelles Erbe-Städtarhchäologie Wien. Oxford, 
ArcheoPress (B AR Int. Series, S1227), pp. 431-437).



   The general idea is 
that a neural 
network can be 
fed with visual 
inputs (images), 
and it will output  
a shape-based 
recognition of the 
visual features 
present in that 
input.



An Artificial Neural 
Network for studying 
ancient Indian documents 
written in Kannada, a 
language of southern 
India, which is as old as 
5th century AD. 

(Kashyap et al., 2003). 

Kashyap, H.K., Bansilal,P.,  Koushik A.P., 2003, Hybrid Neural Network Architecture for Age Identification of Ancient Kannada 
Scripts.  Proceedings of the 2003 IEEE International Symposium on Circuits and Systems (ISCAS 2003), Vol. 3, Page(s): 423-426, May 25-
28, 2003.





• The idea of Typology. A set of ordered 
Prototypes

Prototype. It is an individual instance of some 
entity serving as a typical example, for other 
entities of the same category. When the 
regularities extracted for a given 
archaeological data share a common set of 
attributes, this set can be said to define a 
prototype.

From Classification to Typology



From Classification to Typology

Can we define a “class” or “type” from a cluster of similar objects?

In clustering, a set of explanations will be modeled 
by first describing a set of prototypes, then 
describing the objects using these prototypical 
descriptions. Each description gives the 
probabilities of the observable features, assuming 
that what has been perceived belongs to a group 
composed of similar looking percepts. The 
prototype descriptions are chosen so that the 
information required to describe objects in the 
class is greatly reduced because they are “close” to 
the prototype. 



Learning

We should learn CAUSAL ASSOCIATIONS.

B depends on A if B is consequence of A. 

This relationship between EFFECT and CAUSE is not 
necessary a formal relationship. At least not always. It 
should exist some type of association, but we do not need 
that that association follows formal criteria. Obviously, the 
more formal the dependence between EFFECT and 
CAUSE, the greater validity  we will grant to the problem 
solution. 



Cause Effect 
Cause Effect 

Cause Effect 
Cause Effect 

OBSERVATION OF INDIVIDUAL INSTANCES

Cause Effect 

Inference of a general model

...
...

C
O
M
M
U
N
A
L
I
T
I
E
S

PRIOR KNOWLEDGE: 
constraints that will ensure that the predictions drawn 

by an automated archaeologist will tend to be plausible and relevant to the 
system’s goals 

+

testing
Feedback cycle



CLASSIFICATION = PREDICTION = LEARNING



Arqueología = CIENCIA EXPERIMENTAL



FUNCTIONAL ANALYSIS

The function of a certain item is – or should be – what it is best able to 
do (or be) given its physical constitution and its context. 

D. Dennet Design Stance.
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FUNCTIONAL ANALYSIS

An object’s use  can be defined as the exertion of control over a freely 
manipulable external object with the specific intention of:

 (1) altering the physical properties of another object, 
substance, surface or medium via a dynamic mechanical 
interaction, or 

(2) mediating the flow of information between the tool user 
and the environment or other organisms in the environment. 
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To infer “functionality” from perceived 
properties we need a combination of three 

kinds of information:

• Knowledge about how the designers intended to design the 
artifact to have the function

• Knowledge about how the makers determined the physical 
structure of that artifact on the basis of their technological 
abilities

• Knowledge about how the artifact was determined by its 
physical structure to perform that function
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FUNCTIONAL ANALYSIS.
 DIRECTLY INTERACTING WITH REAL OBJECTS 

The constraints that are relevant in function of the archaeological entity 
fall into different categories, which would include the following (St. 
Amant 2002, Bicici and St. Amant 2003): 

• Spatial constraints describe the spatial relationships associated with a 
tool and its use in an environment. For example, to use a hammer one 
needs enough room to swing it. 

• Physical constraints describe physical relationships in the use of the tool, 
such as weight or size. 

• Dynamic constraints describe movement- or force-related properties of 
tool use. For example, one needs to swing a hammer with appropriate 
speed in its use.  
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The PEDRA System

INPUT:

OUTPUT:

transversal

longitudinal

Original Image Segmentation

“Texelization”

MEASURES:
Shape
Luminosity



DESCRIBING TEXTURE

Central Tendency texture values

In each picture we calculate the 
mean and standard deviation 
values of texel features

Mean = 48.9
SD = 30.38

transversal longitudinal

Mean = 29
SD = 27.01



NEURAL NETWORKS.
The PEDRA Project
PEDRA. (Stone in Catalan)

Output / 
Desired KYNEMAT(T) KYNEMAT(L)

KYNEMAT(T) 143 86

KYNEMAT(L) 26 177

Performance TRANSVERS LONGITUD

MSE 0,173922583 0,174325181

NMSE 0,730265892 0,731956322

MAE 0,360646928 0,361481759

Min Abs Error 0,000365206 0,000365206

Max Abs Error 0,962687106 0,962687106

r 0,61404546 0,61404546

Percent 
Correct 84,6153 67,3003



PATTERN RECOGNITION

The network has correctly learn to distinguish use kynematics

Edge orientationEdge orientation

LONGITUDINAL TRANSVERSAL



The PEDRA System

INPUT:

OUTPUT:

Original Image Segmentation

“Texelization”

MEASURES:
Shape
Luminosity

BONE
SHELL
FRESH WOOD
DRY WOOD
FRESH HIDE
DRY HIDE
MEAT



NEURAL NETWORKS.
The PEDRA Project

Output / Desired BONE BUTCHERY DRY HIDE DRY WOOD FRESH HIDE FRESH WOOD SHELL

BONE 55 0 0 6 1 3 10

BUTCHERY 8 43 4 2 5 1 0

DRY HIDE 13 4 46 6 0 6 3

DRY WOOD 13 1 12 43 1 13 4

FRESH HIDE 3 17 7 3 18 0 0

FRESH WOOD 10 1 5 6 0 28 8

SHELL 20 1 6 5 0 11 44

Performance BONE BUTCHERY DRY HIDE DRY WOOD FRESH HIDE FRESH WOOD SHELL

MSE 0,1433 0,0626 0,0983 0,0962 0,0405 0,0852 0,0892

NMSE 0,7731 0,5364 0,7271 0,7844 0,8473 0,7795 0,7449

MAE 0,237 0,1455 0,1966 0,20543 0,1137 0,1910 0,1950

Min Abs Error 1,1E05 8,2E05 0,0006 0,0006 0,0002 2,7E05 0,0002

Max Abs Error 1,0388 0,9980 0,9961 0,9779 0,9352 1,0341 0,9818

r 0,512 0,7116 0,5397 0,477 0,4998 0,4709 0,5119

Percent Correct

45,08
1 64,1791 57,5 60,5633 72 45,1612 63,7681



BEYOND VISUAL DATA
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BEYOND VISUAL DATA: 
Compositional Data
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Mechanical 
properties

of 
archaeological 

materials
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FUNCTIONAL ANALYSIS.
 DIRECTLY INTERACTING WITH REAL OBJECTS 

MEASURING MECHANICAL PROPERTIES

166127 / 



MEASURING PHYSICAL PROPERTIES

Physical properties - are those whose particular values can be determined 
without changing the identity of the substance: DENSITY, MOISTURE 
CONTENT, PERMEABILITY, SHRINKAGE

Friction properties – include the coefficients of static, kinetic, and rolling friction,

Thermal properties – thermal conductivity, thermal diffusivity, thermal expansion 
coefficient, thermal shock resistance, specific heat, melting point, creep resistance.
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MEASURING MECHANICAL PROPERTIES

Mechanical properties – ThE value may vary as a result of the physical 
properties inherent to each material, describing how it will react to physical 
forces. The main characteristics are ELASTIC, STRENGTH and VIBRATION.

ELASTIC PROPERTIES: 

modulus of elasticity, is the ratio of linear stress to linear strain. 
Poisson's ratio is the ratio of lateral strain to axial strain. 
Yield strength refers to the point on the stress-strain curve beyond which the solid starts 
to deform plastically and cannot be reversed upon removal of the  Loading
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MEASURING MECHANICAL PROPERTIES

STRENGTH PROPERTIES: The material’s mechanical strength properties refer 
to the ability to withstand an applied stress without failure, by measuring the 
extent of a material's elastic range, or elastic and plastic ranges together. Loading, 
which refers to the applied force to an object, can be by:
Tension –It can be quantified as ultimate tensile strength, which is the maximum 
amount of tensile stress a material can withstand while being stretched or pulled 
before failure. Ductility measures how much a material deforms under tensile 
load before breaking. It can be measured in percentage of elongation of a tensile 
sample after breaking. On the contrary, brittleness is the ability of a material to 
fracture with very little or no previous detectable deformation.
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MEASURING MECHANICAL PROPERTIES

Compression – involves pressing the material together. In fact, it is the opposite 
of tensile loading. Compressive strength: is the maximum amount of compressive 
stress a material can withstand while being compressed before failure. 
Hardness :A measure for material hardness can also be the degree of abrasion, 
which is the resistance to grinding force.
Bending – involves applying a load that causes a material to curve, resulting in 
compressing the material on one side and stretching it on the other. It can be 
quantified as bending strength and flexural strength.
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FUNCTIONAL ANALYSIS.
 DIRECTLY INTERACTING WITH REAL OBJECTS 

MEASURING MECHANICAL PROPERTIES

Shear – involves applying a load parallel to a plane, causing the material on one 
of the sides of the plane to want to slide across the material on the other side. It 
can be quantified as Shear strength, which is the maximum amount of shear stress 
a material can withstand before failure. Shear strain: change in the angle between 
two perpendicular lines in a plane.  Shear modulus (or modulus of rigidity, ratio 
of shear stress to shear strain, measures the stiffness of materials indicating the 
resistance to deflection of a member caused by shear stresses. 
Torsion – Torsion strength indicates the applied force which causes twisting in a 
material.
Fatigue – Fatigue limit refers to the maximum stress a material can withstand 
under cyclic loading. This resistance to failure under particular combinations of 
repeated loading conditions is measured.
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Imagine the answer of a Museum director when we ask her to break a prehistoric object 
in order to measure its structural and mechanical properties. Given that prehistoric and 
ancient objects tools not always can be used in the present nor “touched” to preserve its 
integrality,  we are limited to the possibily of manipulating a virtual surrogate of the 

object. 172127 / 



REVERSE ENGINEERING

Reverse Engineering is the process of extracting missing knowledge from 
anything man-made, by going backwards through its development cycle and 
analyzing its structure, function and operation. It consists of a series of iterative 
steps, each addressing different questions regarding, in this case, an overall 
artefact. These steps may be repeated as often as needed until all steps are 
sufficiently satisfied.
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We can imagine different kinds of simulated 
interaction: 
1) static, which calculates displacements, 

reaction forces, strains, stresses, and 
factor of safety distribution; 

2) frequency, calculates stresses caused by 
resonance;  

3) fatigue, calculates the total lifetime, 
damage, and load factors due to cyclic 
loading; 

4) non-linear, calculates displacements, 
reaction forces, strains, and stresses at 
incrementally varying levels of loads and 
restraints;  

5) dynamic, calculates the model's response 
due to loads that are applied suddenly or 
change with time or frequency 

. 
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nock

bellyback

grip fistmele

limb string

J.A. BARCELÓ & V. MOITINHO 2011-2013: Prehistoric Bow and Arrow
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La Draga (Banyoles). An early neolithic site

Polygonal mesh with poly-faces , 
detail.

Bow (D/02-JJ89-11),
3D Scans alignment.

Total number of scans: 179, in 3 
parts.
FOV: 90 mm, stereo.
Resolution 50 μm.

Bow (D/02-JJ89-11).
Merged polygonal mesh - 3D 
digital surface model.
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J.A. BARCELÓ & V. MOITINHO 2011-2013: Prehistoric Bow and Arrow

Pressure, displacement and deformation 
analysis.
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Computer Simulation
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ANALISIS FUNCIONAL DE RESTOS OSEOS. DEL ANIMAL SALVAJE A LA 
DOMESTICACION.  Kaveh Youssef
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ANALISIS FUNCIONAL DE EDIFICACIONES PREHISTORICAS. PALAFITO DE LA DRAGA.
IVAN CAMPANA
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